Neurofibromatosis -Imaging Spectrum Subbarao Kakarla
Padmasri Awardee Prof. Dr. Kakarla Subbarao, Hyderabad, India Neurofibromatosis is a congenital neuroectodermal disorder belonging to the group of Phakomatoses. The following disorders share characteristics central nervous system and skin tumors. At least eight separate forms of neurofibromatosis (NF1-NF8) have been described although two types, Von Recklinghausen's disease (NF-1) and neurofibromatosis with bilateral acoustic schwannomas (NF-2) are generally agreed upon. The terms "central" and "peripheral" neurofibromatosis are inaccurate; both NF -1 and NF-2 show central nervous system involvement. More than 90% of all NF cases are NF1.
These disorders represent dyshistogenesis of neuroectodermal and mesodermal tissue. Autosomal dominant with chromosomal 17 locus for NF1 and chromosome 22 for NF2.
Clinical features of NF1 include Family history in 52 to 60% is elicited.
It is autosomal dominant with strong penetrance. The incidence is 1 in 3000 / 4000. 50% of patients show manifestations at birth. By age one, 75%. Café -aulait spots occur > 90%. Smooth edges like the coast of California. 6 or more of these. 1.5cm or greater in diameter ( fig.1ab ). Molluscum fibrosum -soft, sessile or pedunculated, single or multiple lesions.
No sex predilection exists. The Skull lesions are mentioned in Table III.   Table III: • MR shows lesions of iso / slightly hypointense on T1W1 images mild to strongly Hyperintense. On T2W1 are other high signal areas without mass effect in basal ganglia, internal capsule, pons, cerebral peduncles, cerebellum, etc. These may be slightly hyperintense on T1W1 images also and probably represent hamartomas.
Plexiform neurofibroma (diffuse neoplastic involvement of a nerve and its branches) is of exocranial origin but often extend intracranially along natural foramina, fissures (e.g., from orbit, pterygopalatine fossa into cavernous sinus) (Fig. 7) .
Optic Nerve Glioma
It is most common CNS tumor in NF-1. The lesions can involve one or both optic nerves, chiasm, tracts, lateral geniculate body and optic radiations ( fig.8 ). Mean age of NF-1 patients with ONG is about five years. Optic nerve glioma without NF is twelve years. Histologically it is benign low grade astrocytoma. 
Axial skeletal lesions
Kyphoscoliosis presents in 1/3 -½ of patients. It probably reflects primary mesodermal dysplasia. T3 -T7 levels are most common. A short segment angular deformity is usually mild but occasionally can be rapidly progressive, resulting in paraplegia. Radiological findings include kyphoscoliosis, vertebral scalloping of, posterior, anterior and lateral borders ( fig.  10abcd ).
Meningoceles may b e noted any where from cervical spine to sacrum with marked dural ectasia ( fig. 11abcd) Lateral meningoceles may be seen. Agenesis or hypoplastic pedicles dysplastic vertebrae are noted.
The ribs may be widened and distorted, generally named as "twisted ribbon ribs". Vertebral scalloping due to dural ectasia is a common finding. Meningoceles may be noted any where from cervical spine to sacrum.
Lateral meningoceles are due to weakened, dysplastic meninges that protrude through enlarged intervertebral foramina (Pulsion diverticulae). Thoracic region is most common, usually on right side. Lumbosacral and cervical region also occur but are less common.
CT shows dumb bell shaped CSF -attenuation lesion protruding through enlarged neural foramen with adjacent thinned pedicle, scalloped vertebral body. MR shows CSF signal on all sequences ( fig.  12ab) . Peripheral skeletal manifestations include hypertrophy, atrophy of bones erosions, intraosseous cystic lesions and medullary streaking. Soft tissue swellings of various sizes are also noted ( fig. 13abc) .
Pseudoarthrosis is one of the common manifestations of NF1, mostly involving the tibia ( fig. 14ab) .
MRI shows the neurofibromata as well as pseudoarthrosis ( fig. 15ab ).
Other associated manifestations are shown in Table V . (Fig. 17ab) . 
Other Tumors
Questionable whether patients with NF-2 develop intracranial gliomas, astrocytomas of cord, ependymomas of cord (most common intrinsic cord neoplasm in NF-2) and multiple paraspinal schwannomas (often large, bilateral multilevel). It is important to survey the entire spinal canal in NF2 as there is greater incidence of tumors in spinal canal in NF2 (predominantly extra medullary tumors).
Important Points to Remember:
Cause of NF is due to mutation of NF1 gene Clinical diagnosis of NF1 is simple Every organ in the body may be involved in NF1 Isolated neurofibromas can occur any where without NF1 Different types of NF exist Genetic disorder, hence many associated congenital abnormalities exist NF2 expresses at a later age Imaging of spinal cord should be included in NF2.
